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SUMMARIES 
The controversy in England over Newton's fluxion- 
ary calculus following the publication in 1734 of 
Bishop George Berkeley's The Analyst was reflected in 
the correspondence between Cadwallader Colden of New 
York and his friends in the middle 1740s. Colden 
wrote "An Introduction to the Doctrine of Fluxions" 
after reading The Analyst, and it was the occasion 
for the discussions that followed. His friends either 
doubted the value of the calculus and the validity of 
infinitesimals, or were noncommittal. Colden's essay 
was the only published defense of Newton's calculus 
by a colonist in eighteenth-century Anglo-America. 
There was a lack of interest in the calculus in both 
Great Britain and America until well into the nine- 
teenth century. In the following we suggest reasons 
for that lack of interest. 
La controverse sur le calcul des fluxions de 
Newton qui, en Anqleterre, a fait suite 2 la publica- 
tion en 1734 du livre de &&ch6 George Berkeley The 
Analyst, trouve un echo au milieu des an&es 1740 dans 
la correspondance de Cadwallader Colden, de New York, 
avec ses amis. Aprbs avoir lu The Analyst, Colden 
&rivit "An Introduction to the Doctrine of Fluxions" 
et suscita ainsi une discussion. Ses amis, ou bien 
doutaient de la valeur du calcul et de la justesse 
de l'emploi des infinitesimaux, ou bien ne se pronon- 
yaient pas. Au XVIIIe siecle, dans les colonies an- 
qlaises d'Am&ique, l'essai de Colden a Qte l'unique 
publication 2 se porter 2 la defense de la vision new- 
tonienne du calcul differentiel et integral. Le manque 
d'int&&t pour ce calcul en Grande-Bretaqne aussi bien 
qu'en Amerique se prolonqea jusqu'au coeur du XIXe. 
Nous proposons quelques explications de cette indif- 
ference. 
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Die in England durch die Publikation von Bischoff 
George Berkeleys The Analyst (1734) ausgeliiste Kontro- 
verse iiber Newtons Fluxionsrechnuny fand such einen 
Niederschlay im Briefwechsel, den Cadwallader Colden 
aus New York urn 1745 mit seinen Freunden fiihrte. Anlass 
dazu gab "An Introduction to the Doctrine of Fluxions," 
die Colden im Anschluss an seine Lektiire des Analyst 
yeschrieben hatte. Einige seiner Freunde zweifelten 
den Wert des neuen Kalkiils und die Berechtiyung des 
Umyanges mit infinitesimalen Grbssen an, andere wollten 
sich nicht festleyen. Coldens Abhandluny stellt die 
einzige Verteidigung des Newtonschen Calculus dar, die 
je von einem Bewohner der anglo-amerikanischen Kolonien 
im 18. Jahrhundert veraffentlicht wurde. Sowohl in 
Grossbritannien wie in Amerika blieb das Interesse an 
der Infinitesimalrechnuny bis weit in das 19. Jahrhun- 
dert hinein yering; Griinde dafiir werden im folyenden 
anyefiirht. 
In New York, Connecticut, and Pennsylvania during the middle 
174Os, a small group of American intellectuals discussed Sir 
Isaac Newton's pioneering work in the calculus and related 
problems concerning the concept of infinitesimals. They did so 
in a manner reflecting controversies in Great Britain at about 
the same time. Taking part in these discussions were Cadwallader 
Colden, James Logan, Samuel Johnson, John Rutherfurd, and, to 
a lesser extent, James Alexander and Benjamin Franklin. At that 
time, not one of them was associated with an academic institu- 
tion. Although several were members of the American Philoso- 
phical Society (founded in 1743), their concern for Newton's 
mathematics was not related to the program of any learned society. 
Colden and Alexander had studied mathematics in Great Britain, 
and both were surveyors. James Logan, an affluent Philadelphia 
merchant and self-taught mathematician, studied the sciences 
for pleasure. Samuel Johnson, an Anglican divine in Connecticut 
and the leading American disciple of the English idealist, 
Bishop George Berkeley, had studied the calculus, algebra, conic 
sections, and Newton's Principia while he was a tutor at Yale. 
John Rutherfurd was a retired British Army officer at Albany who, 
like Logan, studied the sciences for pleasure. Franklin, an 
amateur experimenter in electrical science (but not a mathema- 
tician) acted as an intermediary between Colden and Logan. 
Correspondence among this group of amateur mathematicians 
concerning Newton's theory of fluxions was initiated by Colden, 
who communicated with Rutherfurd and Johnson during the early 
and middle 1740s. By 1744 Colden had completed an essay entitled 
"An Introduction to the Doctrine of Fluxions or the Arithmetic 
of Infinites, in order to assist the Imagination in forming Con- 
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ceptions of the Principles on which that Doctrine is founded." 
He later incorporated this essay into his book, The Principles 
of Action in Matter. In the few years prior to its publication 
in 1751, the essay was the occasion of discussion and controversy 
between Colden and his friends on the subject of infinitesimals. 
The mathematics of infinitesimals had long interested Colden. 
When he was a student at the College of Edinburgh in 1704-1705 
it is likely that his teacher, Dr. William Law, introduced him 
to Newton's theory of fluxions. Dr. Law taught Newton's Opticks 
from the edition published in 1704 [Colden 17051, an edition 
which contained as an appendix De quadratura curvarum, Newton's 
essay on the quadrature of curves. This essay, an exposition of 
his method of fluxions, had actually been written in 1693. Colden 
may also have learned of Newton's fluxional calculus while study- 
ing mathematics in London, sometime between 1705 and 1708, 
especially if William Jones, a mathematician known to Newton, 
was his teacher. It is difficult to say whether or not Colden 
was familiar with Newton's works pertinent to the calculus other 
than De quadratura curvarum. Newton's De analysi per aequationes 
numero terminorum infinitas (Analysis by Equations of an Infinite 
Number of Terms), written in 1669, was not published until 1711; 
his Methodus fluxionum, written in 1671, did not appear in print 
until 1736. Neither of these titles appears in Colden's letters 
and formal writings on Newton's calculus, but internal evidence 
indicates that Colden was as well informed of Newton's work on 
fluxions and infinitesimals as were other learned colonists in 
New York, Philadelphia, and Connecticut. 
In the De analysi Newton explained in a few examples "the 
General Method . . . for measuring the Quantity of Curves, by 
Means of Series, infinite in the Number of Terms . .." [Whiteside 
1964, 31. He ured infinitely small quantities, both analytically 
and geometrically: by applying the binomial theorem, he found 
what he called the "moment" of area in the quadrature of curves. 
(The moment of the area is the increase due to the change from 
x to x + 0, where o is the infinitesimal increase in x.1 Their 
sum, infinite or finite, was the integral. In the De analysi 
Newton emphasized infinitesimals --infinitely small quantities 
which were, nevertheless, not precisely zero. In the De quadra- 
tura curvarum he did not "consider Mathematical Quantities as 
composed of Parts extreamly small, but as generated by a con- 
tinual motion" [Whiteside 1964, 1411, and substituted the method 
of ultimate ratios for infinitely small quantities. He advised 
that the mathematician proceed with caution, if he used infini- 
tesimals in analyses according to the method of prime and ultimate 
ratios [Whiteside 1964, 143; Struik 1969, 3061. In Methodus 
fluxionum Newton introduced his characteristic "dot" notations 
and focused upon the continuity of motions, lines, and planes 
rather than upon the sums of infinitesimal quantities. Although 
Newton used geometrical demonstrations in all three editions of 
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his Philosophiae naturalis principia mathematics, by his own 
claim he employed fluxional methods without the dot notation 
in proving principal theorems. Cohen has observed that "there 
are a great many applications of obviously infinitesimal methods, 
notably in Props. XL1 and LXXX1 of Book I (together with the 
propositions leading up to them), and in Lemma II of Book II" 
[Cohen 1971, 801. Newton's theory of prime and ultimate ratios 
appears in Book I, Section I, of the Principia, but, according 
to Struik, is explained in a manner his contemporaries found 
difficult to understand [Newton 1726/1972, I, 73-88; Struik 1969, 
2921. 
Newton's pioneering work in calculus was especially contro- 
versial at the time that Colden wrote his essay in 1744. This 
was due, in part, to the apparent contradictions in Newton's 
three published works on the fluxional method--the emphasis on 
infinitesimals in the De analysi, the change of emphasis to 
flowing quantities in Methodus fluxionum, and the further change 
of emphasis to prime and ultimate ratios in the De guadratura 
curvarum. Another reason was Newton's failure to solve the 
problem of limit. The intent of the De quadratura curvarum was 
to offer a solution to the problem by introducing the theory of 
prime and ultimate ratios in the determination of flowing 
quantities, or fluxions, in the quadrature of curves. Newton, 
however, rendered his intent somewhat vague when, in the Scholium 
to Proposition 11, he wrote that if zn be supposed "a Flowing 
Quantity, and that by flowing it becomes z + on, then may it be 
resolv'd into this Converging Series 
zn nOzn - 1 - ___ nn n - 2 n3 - oozn 3nn + 2n + + + 
2 6 
03 zn-3 + &C." 
According to Whiteside, Newton's resolution of (z + o)~ into 
expanding (or converging) series was "widely misunderstood on the 
Continent in Newton's lifetime" [Whiteside 1964, I, xvi, 1581. 
Newton's dot notation, which he introduced after 1691 to indicate 
fluxions, combined with the symbol o to indicate the smallest 
possible increment, also gave rise to misunderstanding [Boyer 
1939, 200-201; Kline 1972, 4261. In the De quadratura curvarum 
he used ok, ' oy, o$ to indicate moments of the quantities z,y,x. 
The dotted letter, or fluxion, was a finite value representing 
a velocity, or, as Whiteside defines it, "the instantaneous 
speed of a point P which moves along a line" [Whiteside 1961, 
3741. According to Whiteside, in a draft of November 13, 1665, 
in his unpublished Wastebook Newton used the time unit o "(which 
in the limit is taken indefinitely small as his 'moment of time')' 
[Whiteside 1961, 3743. In his published work, however, he was 
ambivalent in explaining the meaning of his moments, as he was 
in the first and second editions of the Principia, Book II, 
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Section II, Lemma II [Newton 1726/1972, I, 365; Struik 1969, 
3001 [2]. Moreover, he was not always clear as to his use of 
the symbol o; contemporaries were not certain whether he meant 
zero, a finite number, or an infinitesimal. In the De quadra- 
tura curvarum, Proposition 1, Problem 1, Demonstration, he 
defined o as "a Quantity extreamly small." In Methodus fluxionum, 
Problem V, Question III, however, he used the symbol o to in- 
dicate nothing [Whiteside 1964, I, 861. Newton's vagueness, as 
he struggled to solve the problems involved in his fluxional 
method, troubled English mathematicians who confused Newton's 
moments with his fluxions, and both with the differentials of 
Leibniz, who, a few years later, developed his calculus inde- 
pendently of Newton, and with different notations [Kline 1972, 
426-4281. 
Like most students of Newton's works, Colden had difficulty 
understanding the theory of fluxions. As an aid to comprehending 
Newton's method, he wrote a "treatise of Infinites." Unfortu- 
nately, this early treatise of Colden is missing. When it was 
written is unknown, but Colden probably wrote it between 1718 
and 1728, when he lived in New York City, or in the 1730s when 
he lived at Coldengham, his country estate in Ulster County (now 
the 'town of Montgomery in Orange County, New York). Colden 
referred to it, however, in an unpublished manuscript: "The 
Animal Oeconomy may be Explain'd mechanically or According to 
the Laws of Matter in Motion." In this work Colden wrote: "We 
said . . . in the treatise of Infinites that Matter Infinitely 
Divided may be Infinitely further divided"--an indication that 
he interpreted Newton's theory of fluxions as a mathematical 
analysis not only of moments and flowing quantities, but of 
infinitely small subdivisions of matter. Such a view was at 
variance with the prevailing British understanding that the calcu- 
lus dealt with the relationships between quantities involved in 
purely geometrical problems. Colden's supposition of the divi- 
sibility of matter into infinitely small quantities was, however, 
comparable to the corpuscular or atomistic conception of matter 
commonly held by Newton and other mechanist natural philosophers 
131. 
In "The Animal Oeconomy" Colden applied his particulate 
concept of matter and Newton's infinitesimals to preformation 
theory in biology. He supposed that the animal existed, fully 
formed, in the spermatazoa of the male and merely grew in size 
without anatomical changes. The assumption that biological life 
was reducible to minute forms of living things arose from the 
investigations of 17th-century microscopists (animal semen and 
ova were studied by Anton van Leeuwenhoek, Jan van Swammerdam, 
and others), and the speculations of Malebranche. Malebranche, 
in his De la recherche de la verit6 (16741, discussed the pos- 
sibility that, if matter is infinitely divisible, then organic 
life is also infinitely divisible. Consequently, on micro- 
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scopically small animals there must be even smaller animals that 
parasitize them, and so on, ad infinitum. In 1674 Leeuwenhoek's 
microscope disclosed microorganisms in male semen, and subsequent 
speculations by others resulted in the animalculist version of 
preformation theory--that the origin of species lay within the 
little animals or "worms" in male semen. By the early 18th 
century the animalculist theory had the support of medical men, 
including Boerhaave [Gasking 1966, 561. Colden may have become 
aware of this theory when he was a medical student in London, some- 
time between 1705 and 1708. As Peter Bowler has found, "those 
who were affected by the mechanical philosophy" were partial to 
preformation theory [Bowler 1971, 2371. Appropriately, Colden 
was an iatrophysicist when he wrote "The Animal Oeconomy." 
Colden went beyond European preformationists by applying 
the mathematical concept of the infinitesimal to animalculist 
theory. The testicles of the male animal, he pointed out, con- 
tained many thousands of little animalcules, and so on to infinity. 
"Now," he wrote, "this cannot be conceiv'd not only without 'the 
Infinite divisibility of matter, but not without supposeing 
matter actually Infinitely divided" [Colden 17191. Colden's' 
speculation was similar to that in Leibniz's The Monadology, but 
there is no direct evidence that Colden had read Leibniz's philo- 
sophical works [Leibniz 1714/1956, 10561. 
However, such a conception of preformed animal organisms in 
male testicles--receding progressively to the infinitely small-- 
was not subject to scientific proof. Colden's manuscript was 
not published and, to his credit, Colden appears to have had 
second thoughts about applying infinitesimals to preformation 
theory, since the idea does not appear in his later work on 
living organisms. By the 1740s he was more interested in the 
application of Newton's theory of fluxions to physics. 
During the winter of 1742-1743, Captain John Rutherfurd of 
Albany, a British Army officer and former member of Parliament 
who had retired to live in America, visited Colden at Coldengham. 
Their correspondence immediately following Rutherfurd's visit 
suggests that a topic of conversation was Newton's theory of 
fluxions. Colden, in a letter which unfortunately is missing, 
but which must have been written shortly after Rutherfurd's 
return to Albany, proposed the application of the fluxional 
calculus to physics. Rutherfurd, replying on March 2, thought 
the idea entertaining, but doubted that it would be productive 
of anything scientifically useful. "Algebra," he wrote, "being 
the Analysis of Finites is a sure guide on all occasions...." 
He believed that "Fluxions or Analysis of Infinites . . . will 
lead us to no truths but in Geometry . ..." and he defined the 
fluxional calculus as "only a Method of finding an infinitely 
small quantity which taken an infinite number of times becomes 
equal to a finite quantity...." He cautioned that the science 
of physics had advanced as the result of "observation, chance & 
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experiments, not by reasoning," whereas "our Knowledge in Geometry 
we owe to reason alone." Although he doubted the value of 
applying the fluxional calculus to problems in physics, he 
conceded that Colden's "manner of reasoning is clear and distinct," 
and encouraged him to "apply this method to other parts of Natural 
philosophy as well as light . .." [Colden 1919, 6,7]. Newton, 
of course, had applied the fluxional calculus to mechanics in 
the Principia. However, Newton had not applied his method of 
fluxions to his theory of light and colors, although he had 
published the De quadratura curvarum as an appendix to his 
Opticks in 1704. 
Colden reaffirmed his conviction that fluxions were "as much 
founded on nature" as algebra, "both of them being only reason- 
ings on the ratios of several quantities to each other." In a 
letter to Rutherfurd, dated April 2, 1743, he wrote: 
that there is really such a difference in the several 
quantities existing in the Universe as is supposed 
in the Arithmetick of Infinites I think can not be 
doubted if we consider the difference of quantity in 
the universe itself composed of as many systems like 
this our solar system as there are fixed stars & that 
of a single atom which makes part of the odoriferous 
sphere of a Tuberose I say it cannot be doubted but 
that the difference between these two quantities is 
infinitely great. 
He added that "the Arithmetick of Infinites may be of use in 
extending the knowledge which we first obtain'd from experiment 
alone" [Colden 17431. 
Colden convinced Rutherfurd that fluxions were 'more founded 
in Nature' than the latter had thought, but Rutherfurd did not 
agree that it was possible to have "any distinct Ideas' of 
'incomprehensibly Small' quantities represented by fluxions. He 
was unable to comprehend the infinitely small. In a letter 
dated April 19, 1743, he suggested that if Colden applied his 
'method of reasoning to Quantitys really existing, perhaps some 
new propertys or Connections may by that means appear to reward 
your Labour . ..." [Colden 1919, 171. 
The correspondence between Colden and Rutherfurd on Newton's 
theory of fluxions was interrupted by the latter's voyage to 
Scotland in the summer of 1743. However, Colden's interest in 
the fluxional calculus did not flag and may have been stimulated 
by his conversations with the Rev. Samuel Johnson in Connecticut 
that summer. Evidently, while Colden was with Johnson, the 
Anglican divine spoke at length of Berkeley's philosophy. In 
November Johnson sent Colden some of Berkeley's works, including 
The Analyst, and asked for Colden's "Opinion of them, especially 
of the Mathematical Controversy, in which you are doubtless a 
more competent Judge than any we have among us' [Colden 1919,39,40]. 
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During the winter months of 1743 Colden read The Analyst. That 
work, addressed to "an infidel mathematician," who appears to 
have been Edmund Halley, was (according to its author) an attack 
on the atheistic implications of modern scientific thought which 
Berkeley had first challenged in The Essay Towards a New Theory 
of Vision. The latter work, published in 1709, was an attempt 
to disprove John Locke's theory of knowledge: that we can know 
the external world only indirectly by its effects on our sense 
organs, and that matter has an independent existence outside our 
subjective selves. Berkeley denied the existence of an unknow- 
able substance indirectly perceived as representations in sense 
experience. For him the Cartesian-Newtonian temporal universe, 
with its spatial dimensions and mechanistic natural laws, was 
illusory; reality was the Mind of God, immediately knowable to 
the perceiving self, because God was always in communication 
with selves [4]. 
In The Analyst Berkeley took issue with the concept of the 
infinitesimal in Newton's theory of fluxions. He tried to 
reduce fluxions to an absurdity by characterizing Newton's o 
as not even nothing, and by deriding the infinitesimal as "the 
ghost of departed quantities." Berkeley alleged that fluxions 
and infinitesimals were imaginary and useless. He believed that 
the proper object in geometry was the study of finite extensions, 
and asked "whether there be any need of considering quantities 
either infinitely great or infinitely small?" [Berkeley 1743/1964, 
961. Throughout his essay Berkeley took advantage of Newton's 
vagueness and inability to solve the problem of limit, but his 
objections to Newton's fluxions, infinitesimals, moments, prime 
and ultimate ratios, and flowing quantities were, in Whiteside's 
words, "overharsh and slightly misleading," and, in Boyer's, 
"misdirected" [Whiteside 1961, 376; Boyer 1939, 226-2291. 
In a letter to Johnson, dated March 26, 1744, Colden rejected 
Berkeley's criticism of Newton's theory of fluxions as erroneous. 
He doubted that Berkeley understood the subject [Schneider 1929, 
287. ] It was after reading The Analyst that Colden wrote "An 
Introduction to the Doctrine of Fluxions," the only published 
defense and explanation of Newton's fluxional calculus by a 
colonist in 18th-century Anglo-America. 
Mathematicians in Great Britain who defended Newton's fluxional 
calculus emphasized the problem of limit and the relation between 
fluxions and geometry. James Jurin, whose Geometry, No Friend to 
Infidelity appeared in 1734 shortly after the publication of 
The Analyst, argued that those who understood geometry could 
easily understand fluxions, and that according to Newton fluxions 
were simply variables which reached their limits. He accepted 
both the moments of the De analysi and the fluxions of the 
Methodus fluxionum, but his attempt to explain them was ineffective. 
Benjamin Robins, in A Discourse Concerning the Nature and Certainty 
of Sir Isaac Newton's Method of Fluxions and of Prime and Ultimate 
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Ratios (17351, neglected the moments, contended that Newton's 
method of fluxions had been established with prime and ultimate 
ratios, and rejected infinitesimals. He debated with Jurin 
over the concept of limit, but his own attempt to explain limit 
was ambivalent [Cajori 1926, 219-220; Kline 1972, 4281. Colin 
Maclaurin's Treatise of Fluxions, published in 1742, was an 
attempt to place Newton's fluxional calculus on a more rigorous 
foundation. He rejected the infinitesimal as "too bold a Post- 
ulatum for such a science as Geometry" [quoted in Boyer 1939, 
2331, tried to base the fluxional calculus on the geometry of 
the Greeks, and worked out an alternative method of determining 
the maxima and minima in terms of fluxions [Kline 1972, 428-429; 
Struik 1969, 338-3411. Later Maclaurin wrote that an infinitely 
small quantity "is a mere fiction," and warned against "infinite 
orders of infinitely small particles of matter" as being illusory 
[Maclaurin 1748/1968, 871. 
In "An Introduction to the Doctrine of Fluxions" Colden did 
not cite authors and titles, and it is unclear whether he was 
acquainted with Jurin's, Robins' and Maclaurin's books. Unlike 
Robins and Maclaurin, he defended the infinitesimal as essential 
to the fluxional calculus. He conceded that infinitesimals were 
difficult for the imagination to comprehend, but argued that 
prime and ultimate ratios were an aid to understanding fluxions. 
"We can only perceive the ratio which one infinite may have to 
another; and this we certainly may do, since it may be the same 
which one finite has to another: and of these ratios only the 
whole doctrine of infinites consists." The concept of infinites 
and infinitesimals, he continued, "has always been supposed in 
geometry: for what is a point, a line, and a surface as defined 
by geometers?" Geometry is not limited to finite quantities. 
A line of measurable length, for example, is divisible into 
immeasur.able points. "A point, properly speaking," Colden 
explained, "is a quantity so small, with respect to the other 
definite quantities with which it is compared, that it is supposed 
of no length, breadth, or thickness; that is to say, that it 
bears no proportion to the other determined or finite quantities: 
no addition or subtraction of it can increase or diminish their 
ratio, either as to length, breadth, or thickness" [Colden 1751, 
2111. 
Although infinites and infinitesimals were not perceivable 
by the senses, Colden did not consider them imaginary. They 
were "the objects of our reason" rather than of observation, 
but they nevertheless existed. In a jibe at Berkeley, Colden 
wrote: "It is . . . a most erroneous method of arguing, to say, 
that any thing or being does not exist, because we can form 
no idea of that thing in our mind: for we may be most evidently 
convinced from reasoning, of the existence of things, of which 
we can form no idea" [Colden 1751, 213-2141. For Colden, the 
fluxional calculus was abstract reasoning, not an empirical 
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science; by means of mathematical logic one could know unperceiva- 
ble quantities in the natural universe. 
Colden intended to publish his defense of Newton's fluxional 
calculus, and sought constructive criticism from his intellectual 
peers in the colonies in the hopes of correcting errors in the 
manuscript before committing it to print. He sent an early draft 
to James Alexander, who expressed the opinion that Colden's paper 
explained the subject better than any he had seen before. He 
suggested several minor alterations, but offered no comment on 
Newton's fluxional calculus and infinitesimals. Colden may have 
been right in suspecting that Alexander was prejudiced in his 
favor because of many years of friendship [Colden 1919, 62-63, 
92-931. 
Colden sent a copy of the early draft of his essay to Ben- 
jamin Franklin, who communicated it to James Logan. After a 
cursory reading of the essay in the fall of 1744, Logan gave 
Franklin a negative report. Logan was an amateur scientist who 
had published two works on optics in Holland and had corresponded 
with William Jones, a London mathematician, on mathematical 
problems [Lokken 1972, 35-60, 64-701. Having discovered several 
errors in Colden's mathematical illustrations of the fluxional 
calculus, Logan doubted that Colden had satisfactorily answered 
Berkeley's objections [Colden 1919, 771. Logan delayed a close 
reading of the essay until 1747, and then reported his conclu- 
sions to Franklin in a letter dated July 19, 1747. He conceded 
that some of his initial criticisms were "owing to his too little 
Attention" in his first reading, but he still found the essay 
"intolerably tedious" because of Colden's errors in mathematics 
[Labaree 1961, 152-1531. Franklin tactfully omitted Logan's 
criticisms and emphasized his apologies for his delay in a 
letter to Colden, dated August 6, 1747 [Colden 1919, 4151. 
Logan had long been skeptical of the usefulness of Newton's 
fluxional calculus. In 1736 he had attempted to find a method 
of determining the length of an elliptic curve by using infinite 
series by fluxions. Following the text of Newton's letter to 
Henry Oldenburg (dated June 13, 1676, published in the Commercium 
Epistolicum (1712) [Turnbull 1960, 20-47, 53-55]), Logan expanded 
the series; but when he converted the notations into numbers he 
found, to his dismay, that the series did not converge. Indeed, 
as he subsequently wrote to William Jones, "the series after a 
very few steps actually diverged and ran still wider." He ex- 
pressed the opinion that "though the knowledge of these methods 
is a pretty amusement, yet without a genius and extensive 
capacity, and particularly some knack at invention, they appear 
to me of but little use to be learned or studied" [Lokken 1972, 
661. It is little wonder that Logan appeared bored with Colden's 
defense of Newton's fluxional calculus. 
While Colden received no helpful criticisms from his friends 
in New York and Philadelphia, he did obtain an appreciative 
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(although equivocal) response from Samuel Johnson. Johnson and 
a "Mr. Prince," who appears to have been Nathan Prince, a former 
tutor at Harvard College, read Colden's essay and concluded, as 
Johnson informed Colden in a letter of June 26, 1747, that it 
was "the Clearest Method of teaching that Curious Science that 
we have seen...." However, they doubted that Colden really 
differed from Berkeley, and Johnson suggested that if Colden 
and Berkeley could "converse together & explain your Selves to 
each other you would find the Difference would come to little 
or nothing" [Colden 1919, 120-1211. Johnson credited Colden 
with having done as much as he could to explain a difficult 
subject, but he doubted that infinitesimals and infinites were 
necessary to the calculus. He advised substitution of “small 
finite Quantities, such as the Imagination can easily conceive 
of, to represent Quantities vastly & indefinitely large & such 
as Scarce come within the reach of the Imagination" [Colden 1919, 
127-1281. The ideas of the infinitely small and infinitely great 
were beyond his comprehension. 
Colden saw in Johnson's criticism a reaffirmation of Berkeley's 
The Analyst. In a letter, dated September 3, 1745, he wrote 
that Johnson's "only objection is that the Doctrine of Fluxions 
cannot subsist with Dr. Berkeley's principles that therefore the 
one or the other must be false." He added: "By the Method you 
have taken you show that you perfectly understand my sense of 
the matter and as you can observe no falsehood in the Principles 
or error in the deduction I may conclude it is right & that with- 
out assuming much to my self when every mathematician before or 
since the invention of the method has agreed to the same thing." 
He admitted that he could not understand Berkeley's principles, 
and dismissed the Bishop of Cloyne's published philosophy as a 
sophism [Colden 1919, 146-1471. Thereafter the Colden-Johnson 
correspondence became a debate on Berkeley's idealism. The two 
friends no longer discussed mathematical subjects. 
The controversy over infinitesimals in England following the 
publication of Berkeley's The Analyst in 1734 was reflected in 
a general way through the correspondence among Colden, Alexander, 
Rutherfurd, Johnson, and, with Franklin as intermediary, Logan. 
Johnson, a convinced Berkeleian, doubted the necessity of infin- 
itesimals in the calculus. Rutherfurd and Logan, who were not 
Berkeleians, questioned the usefulness of the calculus and the 
validity of infinitesimals. Alexander was loyal to his friend 
Colden, but did not commit himself on the subject of fluxions 
and infinitesimals. Franklin, who knew little about mathematics, 
was also noncommittal. Colden did not possess a solid grasp of 
Newton's theory of fluxions, but he did believe in its usefulness 
for physics, especially where the scientific analysis of light 
was concerned. Moreover, he defended infinitesimals at a time 
when such British mathematicians as Robins and Maclaurin had 
rejected infinitely small quantities as necessary in calculus. 
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Colden published "An Introduction to the Doctrine of Fluxions' 
in 1751 as an appendix to The Principles of Action in Matter, 
but he did not use the fluxional calculus in this treatise. He 
did use the general ideas of infinite series and infinitesimals 
in connection with his theory of matter, but expressed them 
verbally rather than in mathematical language [Colden 1751, 50, 
541. Otherwise he used arithmetic proportions and geometrical 
figures [Colden 1751, 96, 981. He did not attempt a mathematical 
analysis of light; such an analysis would have been premature, 
considering the state of knowledge of physics and mathematical 
analysis in Colden's time. In any event Colden's attempt to 
advance natural philosophy beyond the Newtonian mechanical model 
was not favorably received in Europe, and his years of unsuccess- 
ful efforts to defend his book, not to mention his involvement 
in New York politics, discouraged him from undertaking another 
major work in physics and mathematics [Lokken 1978, 374-3761. 
As for the others, Logan died from a stroke in 1751; 
Alexander passed away in 1756; and Rutherfurd was killed in 
action while commanding a British Army unit against the French 
at Fort Ticonderoga in 1758. From 1749 to 1756 Franklin was 
president of the Academy of Pennsylvania (now the University of 
Pennsylvania) which opened on January 7, 1751. As the principal 
founder of the Academy, Franklin emphasized useful knowledge, 
including arithmetic and geometry, but he did not advocate the 
teaching of advanced mathematics [Van Doren 1938/1964, 190-1911. 
In 1754 Johnson became the first president of King's College 
(now Columbia University), but the mathematics taught at that 
college was limited to Euclid's geometry, arithmetic, and tri- 
gonometry [Humphrey 1976, 167-1681. Newton's fluxional calculus 
was taught at Harvard as early as 1719 and at Yale in 1758, but 
by the end of the 18th century American colleges were generally 
still deficient in mathematics [Smith and Ginsburg 1934, 23, 26, 
641. This was particularly true of the calculus. The doubts 
expressed by Rutherfurd, Johnson, and Logan as to the usefulness 
of the calculus, and their opinion that infinitesimals were in- 
valid, were more representative of the Anglo-American view of 
the matter than was Colden's defense of Newton's method of 
fluxions. 
The Anglo-American preference favored a mathematics of finite 
quantities and extensions that constituted useful knowlege. A 
letter by Thomas Jefferson, dated June 18, 1799, expressed the 
general American opinion that advanced mathematics, including 
"the conic sections, curves of the highest orders, perhaps even 
spherical trigonometry, Algebraical operations beyond the 2d 
dimension, and fluxions," was an unnecessary luxury. Jefferson 
listed geometry, plane trigonometry, "algebra as far as the 
quadratic equation & the use of logarithms" as useful [quoted in 
Smith and Ginsburg 1934, 6.21. 
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In the English-speaking world interest in the calculus de- 
clined during the 18th century. British mathematicians were 
more impressed by Newton's geometry than by his fluxional calcu- 
lus, and Anglo-Americans did not consider the calculus useful 
to them. British mathematicians did not do any notable work in 
the calculus until late in the 19th century. In the United 
States it was not until the last quarter of the 19th century 
that a significant interest in the calculus was shown in uni- 
versities and scholarly publications [Scott 1969, 162; Smith 
and Gingsburg 1934, 173-1761. 
NOTES 
1. This article is a result of the author's ongoing research 
toward an intellectual biography of Cadwallader Colden. The 
author is indebted to the American Philosophical Society and 
the National Endowment for the Humanities for their financial 
assistance in making this research possible. 
2. In the first edition of the Principia, Book II, Section 
II, Lemma II, Newton wrote: "Particulae . . . genitae: Momenta, 
quam primum finitae sunt magnitudinis, desinunt esse momenta. 
Finiri enim repugnat aliquatenus perpetuo eorum increment0 vel 
decremento...." For the second edition Newton changed the above 
passage to read: "Particulae finitae non sunt momenta, sed 
quantitates ispae ex momentis genitae" [Newton 1726/1972, 3651. 
3. The 18th-century atomistic conception of matter was, of 
course, quite unrelated to present-day notions of atomicity. 
It was then commonly supposed that matter consisted of solid, 
hard,impenetrable particles. Colden's particulate concept of 
matter differed from that generally held by the natural philoso- 
phers of his time, because it indicated no limit to the little- 
ness of the particles or atoms of which matter consisted. 
4. II... the proper objects of vision constitute a universal 
language of the Author of Nature, whereby we are instructed to 
regulate our actions...." (An Essay towards a New Theory of 
Vision, Sect. 147); II... visible ideas are the language whereby 
the governing spirit on whom we depend, informs us what tangible 
ideas he is about to imprint upon us...." (A Treatise Concerning 
the Principles of Human Knowledge, Sect. 44). 
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